We study hyperon resonances by solving coupled channel scattering equations. The coupled systems include pseudoscalar-and vector-baryon channels. The parameters of the model are restricted by making a χ 2 -fit to the cross section data on processes:
I. INTRODUCTION
Investigating low-energy meson-baryon interaction, with nonzero strange quantum number, is of great importance to several interrelated topics in nuclear and hadron physics, such as the determination of the nature of the low-lying hyperons [1] [2] [3] [4] [5] [6] [7] [8] [9] , the existence of kaonic-nuclear bound states, which has motivated several experiments [10] [11] [12] , studies of kaon producing reactions which are, in turn, useful to understand the interactions of kaons in a dense medium [13] , etc. The key motivational idea behind several related works is that the strangeness −1 meson-baryon interaction is attractive in nature, and it is especially interesting in the s-wave since, as now widely accepted, it generates the isoscalar resonance Λ(1405) (the list of references on this topic is extensive, but for some of the recent works, we refer the reader to Refs. [14] [15] [16] [17] [18] [19] [20] [21] [22] ).
There exist evidences for the presence of an isovector resonance too in nature, with its origin lying in the meson-baryon dynamics, with a mass similar to Λ(1405) [3, [23] [24] [25] [26] [27] [28] [29] . However, the case is less studied, as compared to Λ(1405), and the properties of the low-lying 1/2 − Σ(s) obtained from different works are different. In Ref. [3] , a coupled channel study of pseudoscalar-baryon systems was made using a kernel arising from s-, u-channel and a contact interaction obtained from the lowest order chiral Lagrangian, and the subtraction constant required to calculate the loop function were constrained by fitting relevant data available (K − p →KN, πΣ, πΛ cross sections and different cross-section ratios among these processes at the K − p threshold, as well as the π + Σ − mass distribution). As a result, in the case of isospin 1, two Σ states were found near theKN threshold: 1440 − i70 MeV and 1420 − i42
MeV. The work was further extended by considering next-to-leading-order contributions from the chiral Lagrangian [23] and including data on the energy shift and width of the 1s state in kaonic hydrogen, cross sections on K − p → ηΛ, π 0 π 0 Σ, etc. In this latter work, the preferred Fit II gives rise to two poles with isospin 1 around theKN threshold with pole positions: 1376 − i33 MeV and 1414 − i12 MeV. There is another fit to data in Ref. [23] , called Fit I, with no isospin 1 poles but it is disfavored by the photoproduction data of CLAS [6] , because the two poles associated with Λ(1405) are both clearly above 1.4 GeV. Independent studies of Refs. [24] [25] [26] [27] [28] accumulate evidences for a J π = 1/2 − Σ with a pentaquark nature, with mass and width 1380 MeV and 60 MeV, respectively, by studying processes different to those considered in Refs. [3, 23] , like: K − p → Λπ + π − , γN → K + πΛ, Λp → Λpπ 0 , Λ + c → ηπ + Λ. In addition to these works, the best fit to the data on γ + p → K + + Σ ±,0 + π ∓,0 [30] required inclusion of two 1/2 − states in the isospin one: (1413 ± 10) − i(26 ± 5) MeV and (1394 ± 20) − i(75 ± 20) MeV. On the other hand, a recent partial-wave analysis (s-and p-wave) of S = −1 low-energy data, including differential cross sections (although it only considers pseudoscalar-baryon contact interactions), does not report finding of any 1/2 − Σ around 1400 MeV [31] . In the present scenario, it is not clear if an isospin one partner of Λ(1405) exists, and if it does, it is not clear if it corresponds to one or two close lying poles in the complex plane. A different analysis of the photoproduction data, consistent with chiral dynamics and unitarity in coupled channels, is conducted in Ref. [32] and a Σ * state appears as a strong cusp around theKN threshold, very similar to the a 0 (980) shape around the KK threshold.
Interestingly, in the previous study of S = −1 systems [29] , two isospin 1 poles were found, though they lied deep in the complex plane, arising from coupled channel meson baryon dynamics (at 1427 − i145 MeV, 1438 − i198 MeV). However, the motivation of the work [29] , done by two of the present authors, was to build the formalism to couple pseudoscalar-and vector-baryon systems, and it was beyond the scope of Ref. [29] to test if the resulting amplitudes reproduced different relevant data. Nonetheless, the poles of the well studied Λ(1405) were reproduced in agreement with other works. Besides, the kernels for the pseudoscalar-baryon (PB) systems in Ref. [29] were obtained from the contact interaction (the Weinberg-Tomozawa term) coming from the lowest order chiral Lagrangian and the vector-baryon (VB) interactions were calculated by evaluating s-, t-and u-channel diagrams and a contact interaction. The purpose of our present work is to improve the model used in
Ref. [29] by including the s-, and u-channel baryon-exchange diagrams to the kernels of the pseudoscalar-baryon, which have been found to play an important role in the generation of Σ poles around 1400 MeV in Ref. [3] . The importance of these diagrams has been pointed out in other works too, like in Ref. [9] , near the KΞ threshold. With the improved PB kernels, we constrain the parameters of the formalism (mainly the subtraction constants required to calculate the loop functions), in order to reproduce different available experimental data and test if the low lying Σs found in Ref. [29] move closer to the real axis, and could correspond to the Σs found in Refs. [3, [23] [24] [25] [26] [27] [28] . The generation of the states like Λ(1405) or Σ with a similar mass is not expected to get important contributions from VB dynamics, but the inclusion of VB dynamics in the model can be very relevant in determining useful informations. For example, with our model we can obtain the R-VB couplings (where R is a resonance, like Λ(1405), Λ(1670), etc.), which are required in the calculations of t-channel diagrams, with a vector exchange, for processes like the photoproduction/electroproduction of Λ(1405). Additionally, with the improved PB kernels and constrained PB amplitudes,
we can obtain more reliable information on the properties of the hyperon resonances arising from the vector-baryon dynamics as well.
The manuscript is organized as follows. In section II we discuss the Lagrangians from which the meson-baryon interactions are obtained and used as kernels to study nonperturbative scattering in the systems. Towards the end of the same section, we discuss the idea of carrying out a χ 2 -fit, the parameters of the fit and the data to be considered in the fit. In section III we discuss the details on the results of the fits obtained. The properties of the resonances found in our study are also given in section III, by categorizing them in different subsections on the basis of their spins and isospins. Finally, we present a summary of the work.
II. FORMALISM
The problem of hadron scattering gets typically more and more complex as the energy region to be scanned involves opening of more and more thresholds to possible coupled channels. To study hyperon resonances arising from hadron dynamics, with mass up to about 2 GeV, we implement a non-perturbative unitarization method by treating crossedchannel dynamics perturbatively as developed in Refs. [3, 33, 34] . There is a connection with this method and solving the Bethe-Salpeter equation for contact interactions [2, 35] . We take into account pseudoscalar-and vector-baryon channels, motivated by the fact that the thresholds of these channels are spread over the energy ranging from 1.25-2.2 GeV, and some of them lie close enough to couple to each other, for example KΞ,K * N . The pseudoscalar meson-baryon interaction diagrams are deduced from the lowest order, O(p), Lagrangian
where u µ = iu † ∂ µ U u † , and
with f P representing the pseudoscalar decay constant, and P (B) denoting the matrices of the octet meson (baryon) fields:
The constants F = 0.46 and D = 0.8, in Eq. (1), reproduce the axial coupling constant of the nucleon: F + D g A = 1.26.
Using this Lagrangian, we compute the following amplitudes for the contact interaction and s-and u-channel diagrams, which are in agreement with other works [3, 9, 23, 40] ,
The summation in Eqs. (4), (5) corresponds to summing the diagrams with different allowed octet baryons exchanged in the s-, u-channel, respectively, for a given process i → j, with i (j) (here, and in Eqs. (3), (4), 5)) representing the initial (final) state. In these equations, M l (E l ) denotes the mass (energy) of the baryon in the initial/final/intermediate state, represented by a subindex l = i/j/k, respectively, p l represents the center of mass momentum in the lth channel and A ij , B ij , C ij are isospin coefficients for different processes. The coefficients B ij , C ij , for isospin 0 and 1, are listed in Tables. A1, A2, A3, A4 in the appendix. We refer the reader to Ref. [2] for the constants, A ij , related to the contact interactions.
These amplitudes can be projected on s-wave to obtain 1 ,
where m i (m j ) represents the meson mass in the initial (final) state.
For the vector-baryon amplitudes, we follow the previous work [41] , where the problem was studied in detail, using a Lagrangian based on hidden local symmetry, and it was found that s-, t-, u-channel diagrams and a contact interaction arising from two vector field terms give comparable contributions, and must all be considered. We take the following Lagrangian from Ref. [41] where the subscript 8 (0) denotes the octet (singlet) part of the wave function of the vector meson (relevant in the case of ω and φ), V µν represents the tensor field of the vector mesons,
and V µ is the SU(3) matrix for the (physical) vector mesons
In Eq.(9), the coupling g is related to the vector meson decay constant, f v through the
with m v being the mass of a given vector meson in the vertex and the constants D = 2.4, F = 0.82 and C 0 = 3F − D correctly reproduce the anomalous magnetic couplings of the ρN N , ωN N and φN N vertices [42] [43] [44] . Together with Eq. (9), and the kinetic term
it is possible to calculate the s-, t-, u-channel amplitudes as well as the contact interaction by using [V µ , V ν ] for V µν in Eq. (9) . It was found in Ref. [41] that this contact interaction, apart from giving contributions comparable to other amplitudes, is important to guarantee the invariance of the Lagrangian under a gauge transformation.
Finally, the amplitudes for the transition between the pseudoscalar-baryon and the vectorbaryon channels are deduced from the Lagrangian [45]
which has been obtained by introducing the vector meson field as a gauge boson of the hidden local symmetry in the nonlinear sigma model. The procedure is, thus, like extending the Kroll-Ruderman term for the photoproduction of a pion, replacing, inspired by the vector meson dominance, the photon by the vector meson [45] . The constants, F and D are the same as those defined for Eq. (1).
The formalism has been applied to study meson-baryon systems with various quantum numbers in Refs. [29, 46, 47] and, in fact, different vector-baryon amplitudes as well as those for the transition between pseudoscalar-and vector-baryon channels are taken from Ref. [29] for the present work. Though, it must be mentioned that the formalism in the present work is more elaborate, as compared to our previous works, since we include s-and u-channel diagrams for pseudoscalar-baryon interactions here. The contributions from these diagrams have been found to play an important role in the formation of isospin one resonances near 1400 MeV [3, 23] and it is the purpose of the present work to constrain our amplitudes to reproduce the experimental data in the low-energy region and investigate the formation of isospin 1 states around 1400 MeV.
To proceed further, we solve the Bethe-Salpeter equation in its on-shell factorized form [2, 3, 33, 35] , as also used in several other works, like, in Refs. [3, 5, 7, 16, 21, 23, 48] , with the lowest order amplitudes discussed above and make a χ 2 -fit to the data. The parameters of the fit are:
1. The subtraction constants required to calculate the loop integrals with the dimensionalregularization method
whereP is the total four momentum, M (m) is the mass of the propagating baryon (meson),q = λ 1/2 (s, M 2 , m 2 )/2 √ s, a(µ) is the subtraction constant at a regularization scale µ = 630 MeV. Since a fit is made to both isospin 0 and 1 amplitudes, we have 14 subtraction constants as parameters, corresponding to the channels:KN , KΞ, πΣ, ηΛ, πΛ, ηΣ,K * N , K * Ξ, ρΣ, ωΛ, φΛ, ρΛ, ωΣ, φΣ.
2. The decay constants of the mesons. In general, different mesons have different decay constants. We use an average value for the decay constant of the pseudoscalars, f P , to be used in Eqs. (6), (7) , (8) , and another one for the vectors, f v , to be used in vector-baryon amplitudes. These constants account for two additional parameters in the fit.
3. Finally, the coupling at the pseudoscalar-baryon-vector-baryon vertex, g P BV B in Eq. (14), is treated as a parameter to be fitted, whose value can be approximately estimated using Eq. (12). One gets g P BV B ∼ 3.5 by taking an average value for m v ∼
850 MeV, f v ∼ 170 MeV. However, this value could be smaller if hadronic structure is taken into account by using a form factor. Note that if the pion decay constant ∼ 93 MeV is used, instead of the vector decay constant, in Eq. (12), then g P BV B ∼ 6 (as in Refs. [29, 45, 46] ). We, thus, allow g P BV B to vary between 1 and 6 in the fitting procedure.
The experimental data considered for the fit are:
1. The total cross sections of the processes:
from the respective thresholds to about 30-50 MeV above the threshold. We consider the same data as in Ref. [23] .
2. The energy level shift and width of the 1s state of the kaonic hydrogen measured by the SIDDHARTA collaboration [49] : ∆E = 283 ± 36 ± 6 eV and Γ = 549 ± 89 ± 22 eV.
We use the relation between the energy shift and width of the 1s state of the kaonic hydrogen and the K − p scattering length, as obtained in Ref. [50] 
where
with M p being the proton mass and √ s th denoting the K − p threshold energy.
3. The following ratios of the cross section at the threshold, taken from Ref. [23] ,
III. RESULTS AND DISCUSSIONS
In order to fit the data, the χ 2 per degree of freedom, χ 2 d.o.f , is calculated as [23, 40, [51] [52] [53] ,
where N is the number of different data sets, n k represents the number of data points in the kth data set, n p is the number of free parameters, and the χ 2 for the kth data set is obtained as
with y exp k;i (y th k;i ) representing the ith experimental (theoretical) point of the kth data set and σ 2 k;i the standard deviation associated with it.
In the fitting procedure, we find that two types of solutions exist, which correspond to
The parameter sets related to the two solutions, which we label as Fit I and II, are given in Table I , together with the associated error bars. The central value and the associated error correspond to the mean value and the standard deviation, respectively, obtained for each parameter. The errors are estimated by admitting solutions satisfying the condition
where χ 2 0 is the minimum χ 2 value obtained, as in Refs. [54, 55] . In Fig. 1 we show the cross sections of the different processes, as obtained by the parameter set labelled as Fit I. The shaded bands in the panels correspond to the results obtained by using the criteria given in Eq. (21) . The data considered in the fit are shown as (red) filled circles in Fig. 1 . These data are same as those considered in Ref. [23] and are taken from the same sources as in this reference. We have included more data points from Ref. [56] and which are shown as (blue) filled squares in Fig. 1 , going to about 100-200 MeV above the threshold for these reactions. It can be seen that the results stay close to the data points at higher energies too, even though the data at these energies were not used in the fit. At energies farther from the reaction threshold, the cross sections are expected to get contributions from interactions in higher partial waves, and, thus, the s-wave amplitudes, which are the ones we calculate, are not expected to be sufficient to describe data at such energies. For a better description of the data we need to include some well known resonances in the formalism, such as Λ(1520)(3/2 − ), Λ(1600)(1/2 + ), Σ(1620)(1/2 + ), which are related to p-, d-wave pseudoscalar-baryon interactions. Such states can be taken into account by including channels, like, meson-decuplet-baryon [57] , two meson-one baryon [58] , etc. Such extensions of our work can be done in future. Still it is reassuring to see that the cross sections obtained at higher energies do not differ much from the experimental data. It is worth mentioning that the coupling to vector-baryon channels is useful in improving this agreement, at energies away from the threshold. Although, the presence of the vector-baryon coupling is more significant in the case where the reaction threshold is higher (closer to the VB thresholds). Such is the case of the process K − p → ηΛ, whose threshold is about 140
MeV away from theK * N , keeping in mind the finite width of K * . The finite widths of the vector mesons are taken into account in the formalism by folding the relevant loop function over the variable mass range of the vector mesons as [41, 59] 
where the subscript j refers to the jth meson-baryon channel in the loop, m j (Γ j ) is the central mass (width) of the meson in the loop, G j ( √ s) is calculated using Eq. (15) and
The variable width in Eqs. (22) , (23) for the jth meson decaying to mesons a and b is calculated as
In Fig. 2 , we show the cross sections of the processes K − p → ηΛ and K − p →K 0 n obtained by decoupling PB and VB channels. As can be seen, the coupling to the VB channels plays a more important role in the case of the process with a higher threshold.
Before discussing the results found, within the Fit I, for the energy shift and width of the 1s state of the kaonic hydrogen and cross section ratios mentioned in Eqs. (16) , (18) , as well as the poles found in the complex plane, we show the cross sections found with the parameter set labelled as Fit II. It can be seen that the cross sections are in good agreement with the data in the energy region corresponding to the filled circles (which are used to minimize the χ 2 ), as expected, and the results stay near the data points at higher energies except for the case of K − p → ηΛ. This finding may indicate, when comparing the two fits, that the results related to the poles found in the complex plane may be more reliable in the case of Fit I, at energies beyond ∼ 1.68 GeV (which corresponds to the laboratory momentum of about 0.77 GeV shown in Figs. 1, 3) . At lower energies, though, the two fits are of similar quality, implying that the poles obtained in amplitudes for both fits, in the complex plane, should be reliable at energy below ∼ 1.68 GeV. Besides this finding, the cross section ratios, as well as the energy shift of the 1s state of the kaonic hydrogen found within the two fits, as given in Table II , are in good agreement with the experimental data (see the values given in section II). We, thus, find it useful to discuss the remaining results for both fits. In
Tables III-VI, we list the poles found in the complex plane, with the amplitudes obtained within both fits. In the following subsections we also compare the properties of the states found in our analysis with those available from other theoretical/experimental works. Before proceeding, though, we would like to discuss the procedure to calculate the T -matrix in the complex energy plane, which is needed to look for resonances/bound states formed in the systems under investigation. For this, we calculate the loop function for the ith channel in the first (I) and second (II) Riemann sheet as [4, 35] :
with m i , M i being the masses of the ith-meson and baryon, and q (I) i the center of mass momentum of the same channel on its first Riemann sheet (with a positive imaginary part).
If a pole appears in the complex plane, it can be seen in the complex amplitude for all the channels. Depending on the threshold of a given channel, the pole can appear below or above the threshold (i.e, on the corresponding first or second Riemann sheet of that channel).
A. Isospin = 0, spin = 1/2
In the case of I(J P ) = 0 (1/2 − ), in both types of fits, a double pole structure is found in the energy region around 1400 MeV (see Table III ), which can be related to Λ(1405). The double pole nature of Λ(1405) is widely discussed in the literature [4, 16, 19, 21, 40, 51, 53] .
Our results are compatible with the pole values obtained in these former works, as well as with those determined by the CLAS collaboration [6] from the data on the electroproduction of Λ(1405), with the lower mass pole being near 1368 MeV and the higher mass pole near 1423 MeV.
We give the couplings of these poles to the different meson-baryon channels considered in the present work in Table III MeV is in better agreement with the properties of Λ(1670) from the PDG [66] . We have determined the branching ratios of this state for channelsKN , πΣ and ηΛ and find them, respectively, to be 28%, 34% and 25% with the central values of the parameters in Fit I and 19%, 61% and 7% with the central values in Fit II (given in Table I ). The former values are more in agreement with the values: 20-30%, 25-55% and 10-25% given in Ref. [66] . This finding is in line with the earlier discussions on the reliability of the results obtained within Fit II beyond ∼1680 MeV, due to the disagreement of the K − p → ηΛ cross sections at energies 1680 MeV.
In view of the results found in our work, and as widely accepted, both Λ(1405) and Λ(1670)
can be interpreted as states arising from pseudoscalar-baryon dynamics. We find a pole with I(J P ) = 0 (1/2 − ), which gets contribution from vector-baryon dynamics as well, with mass around 1730 MeV in Fit I. In the case of Fit II though, two poles are found in the energy region 1700-1800 MeV. Only one 1/2 − Λ state is listed in this energy region by the PDG [66] , Λ(1800), which encompasses I(J P ) = 0 (1/2 − ) states with masses ranging from 1720-1850
MeV and widths ranging over 100-600 MeV. It is then quite possible that more than one state get classified under the same label Λ(1800). From our study and in light of the information available from the PDG [66] , it can be said that a state is found around 1730 MeV with a width around 40 MeV. However, missing channels not considered in the present work could have an impact on the width of this state and make it larger. A more detailed study involving such channels and considering data on reactions producing V B channels should be done in future to investigate further properties of this state.
A comment regarding the widths of the states found in our work is here in order. The half widths of the states with mass around or above 1800 MeV have been determined from the real axis (by reading the full width at the half maximum of the related peaks appearing in the squared amplitudes, on the real axis, a quite common procedure in this kind of problem [64] ). This is done because the widths of the vector mesons, here and throughout the work, are not taken into account when calculating the amplitudes in the complex plane, since such a consideration would imply a variable mass of the vector meson and, hence, a not well defined branch cut in the complex plane. However, as explained earlier, the amplitudes on the real axis have been obtained by taking the finite widths of the vector mesons into account. Thus, a better estimation of the widths of the resonances is obtained from the real axis.
B. Isospin = 1, spin = 1/2
In the case of 1/2 − isovector scattering amplitudes studied in the complex plane, two poles appear around 1400 MeV with the parameter set Fit I (see Table IV ), while only one pole is obtained with Fit II. It can be seen from Figs. 1, 3 and the results in Table II that the quality of both fits is similar in the energy region near the threshold. Thus, from our work, it is difficult to distinguish the possibility of the existence of one or two isovector poles around 1400 MeV. But even if two poles exist in nature, they may be related to the same state due to the proximity of the masses and the widths. Thus, it can be affirmed that a Σ state does seem to appear in this energy region. As mentioned in the introduction of this article, the information on the light Σ's is less abundant when compared to light Λ's. Still, we can compare our results with other works [3, [23] [24] [25] [26] [27] [28] 30] , where almost all agree on the existence of one Σ state around 1380 MeV with the width of about 60 MeV. An evidence for two poles around 1400 MeV, in isospin 1 amplitudes, has been discussed in Refs. [3, 23, 30] , out of which Ref. [23] finds one of the poles to be narrower, as is the case of the results for Fit I listed in Table IV . Suggestions have been done to find this state in the χ c0 decay intō ΣΣπ [65] and in the Λ + c decay into ηπ + Λ [28] . In the energy region where vector-baryon thresholds are open, we find no isovector poles with Fit II, though two poles with Fit I are found in the energy region 1600-1900 MeV, which can be related to Σ(1620) and Σ(1900), respectively, listed by the PDG [66] . Actually, we have studied the possibility of relating the state at 1630 ± 33 − i(104 ± 13) MeV to Σ(1670) as well as Σ(1620). Little is known about both these Σs and the PDG [66] indicates that each of them may be related to two states, of which the spin-parity of only one (in each case) is known. The spin-parity of one of the Σ(1620)s is given as 1/2 − by the PDG and for one of [66] . For a better analysis, we study the following decay ratios known for Σ(1670) (with unknown spin-parity) [66] ,
and from the state in our Fit I, the former ratio is obtained to be ∼0.5 and the latter one is found ∼0.06. In case of Σ(1620) (1/2 − ), the following partial widths are known from different partial-wave analyses [66] 0.08 < Γ(Σ(1620) →KN )Γ(Σ(1620) → πΣ)
and we obtain them to be 0.37, 0.10, and 0.26, respectively. This analysis shows that our state can be associated to Σ(1620)(1/2 − ) as well as to Σ(1670) with unknown spin-parity, which, in turn, may imply that both these states are not different. It may be useful to give the branching ratios of our state 1630 ± 33 − i(104 ± 13) MeV here. We find that decay ratios toKN , πΣ, πΛ, ηΣ and KΞ are 26.3%, 52.2%, 3.5%, 7.9% and 7.6%, respectively. Not much is known about Σ(1900) either, it has been found in the partial-wave analysis of Ref. [67] .
The mass and width in Ref. [66] of Σ(1900) are in agreement with those in Table IV. C. Isospin = 0, spin = 3/2
The vector-baryon systems can have a total spin 1/2 or 3/2 in s-wave interactions. Thus, we can study states with spin-parity (J P ) = (3/2 − ) too. Such states arise purely from vectorbaryon dynamics. In the case of the I(J P ) = 0(3/2 − ) configuration, in both type of fits, we find a state in the energy region 1700-1800 MeV, while in fit II, one more state appears around 1900 MeV (see Table V ). Though we may rely more on the results obtained with Fit I, we look for known 3/2 − Λ states listed by the PDG [66] , and find that there are two such Λs in 1690-2050 MeV: Λ(1690), with mass and width of 1697 ± 6 MeV and 65 ± 14
MeV, respectively, and Λ(2050), with mass and width listed as 2056 ± 22 and 493 ± 60
MeV, respectively, out of which the latter one has been catalogued in Ref. [66] , so far, only motivated by the partial-wave analysis ofKN multichannel reactions done in Ref. [67] . A full comparison is difficult in this case, since in our formalism, the J P = 3/2 − VB channels do not couple to J P = 1/2 − P B channels in s-wave. The small widths of the states given in Some states, with I(J P ) = 1 (3/2 − ), are also found in our work, as shown in Table VI .
With Fit I, a pole is found around 1617 MeV which can be associated with the 3/2 − Σ(1640) [66] , whose mass and width range in the interval 1669±7 MeV and 64 +10 −14 , respectively. As mentioned earlier, in our model there is no coupling between the PB and VB channels in the spin 3/2 configuration, and, thus, the states get small widths owing to the instability of the vector mesons, which is taken into account by calculating the loop functions as in Eq. (22) . For a better estimation of the widths, it may be important to consider transitions from vector-baryon to pseudoscalar-baryon channels in spin 3/2 too, but it is beyond the scope of the present work.
In the case of Fit II, we find two poles which may, both, be associated to the 3/2 − Σ(1940) [66] , since the larger width of the pole (2030±41)−i(150±45) would appear like a background in the presence of the pole (1818 ± 34) − i(9.5 ± 6.8) in the experimental data. However, Fit II may not be considered good at energies 1680 MeV.
IV. SUMMARY AND OUTLOOK
A simultaneous fit to several relevant data has been made to study hyperon resonances. Low-lying hyperon resonances have been studied earlier in several works, by solving pseudoscalar-baryon coupled-channel scattering equations. We have included both pseudoscalar-and vector-baryon dynamics and find that the properties of the widely known hyperons, like, Λ(1405), are well reproduced. The formalism used in the previous work on this topic [29] has been extended by including s-and u-channel diagrams to study pseudoscalarbaryon interactions. We find that an isospin 1 state, around 1400 MeV, also exists, though it is not clear if it is related to one or two poles in the complex plane. The data fitted in the present work are related to the production of pseudoscalar-baryon channels. Still the cross sections at somewhat higher energies are found to follow the data, in one of the two fits obtained in the present work. Thus, hyperons resonances with higher masses have also been studied. The present work can further be improved by considering data on reactions with vector-baryon as final states and by including decuplet baryons in our formalism. 
